Introduction
The existence of a significant low frequency mode oscillation in the Tropical troposphere with a period range of 40-50 day was detected by Madden and Julian (1971) using spectral analysis on 10 years (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) of rawindsonde data for Canton Island (3*S, 172*W). They showed that this oscillation involved primarily the zonal wind component, but it differed from the atmospheric Kelvin waves which were observed by Wallace and Kousky (1968) in the Tropical Stratosphere. They inferred that this low frequency mode was similar to the Walker-type circulation which was related to the Southern Oscillation with a period range of 30-40 months. Their further analysis (1972) showed that this oscillation was of global scale but confined to the Tropics and they attributed its origin to the large scale convection over the Indian and the western Pacific Ocean.
The importance of the oscillation on this time scale during the Indian summer monsoon * On leave from the Malaysian Meteorological Service, Petaling Jaya, Malaysia.
was emphasized by Yasunari (1979 Yasunari ( , 1980 , Sikka and Gadgil (1980) , Krishnamurti and Subrahmanyam (1982) , among others. They showed that this low frequency mode has a very distinctive meridionally propagating component which originates from the equatorial Indian Ocean and dissipates near the Himalayas. The propagation appears to be associated with the active-break sequence of the summer monsoon and acts as a local modulator on the activity of the synoptic scale disturbances.
Only a limited amount of work of similar nature has been done previously over the monsoon regimes during the northern winter season. The main reasons for this include the hitherto lack of adequate and reliable observations, as well as the lack of traditional phenomenological accounts of the winter monsoon. With the completion of the Winter Monsoon Experiment during the Global Experiment (Winter MONEX, 1 December 1978 through 28 February 1979), a sizable amount of quality data had been collected over these areas and assimilated with the First Global AtmosphericResearch-Program Global Experiment (FGGE, 1 December 1978 through 30 November 1979 data set. This presents an unpreceednted opportunity to carry out research on the low frequency mode during the northern winter.
The main thrust in the present investigation is to use statistical time series analysis to determine the importance and some of the characteristics of the 30-50 day oscillations during the 1978/79 winter season.
Having established that, the conventional synoptic approach is adopted to examine the time evolution of this mode, the nature of the propagating component and more importantly, its impact on the local weather.
Data and spectral analysis

Data
The data used in this study comprise of the following :
(a) the "high resolution" 1200GMT Winter MONEX wind data set at 850 and 200mb levels from the University of Hawaii (Murakami et al., 1981) ; grid mesh is 2.5* latitude/longtitude, domain is 40*E to 100*W and 30*S to 45*N, the period of this data set covers 1 December 1978 through 28 February 1979.
(b) the "low resolution" 1200GMT wind data extracted from the FGGE Level III-b data set ; grid mesh is 11.25* latitude/longitude, the period covers 1 December 1978 through 31 March 1979. (c) TIROS-N satellite digital infra-red data from NOAA/NESS ; grid mesh is 2.5* latitude/longitude, the period covers 1 January 1979 through 28 February 1979. In the present investigation, data sets (a) and (b) are used in a complementary and optimal sense.
The high resolution data are primarily used for synoptic purposes such as the time-latitude sections, and kinematic computations of vorticity and divergence. The low resolution data are used mainly in the spectral analysis where a longer data sequence is more desirable.
Furthermore, the low resolution data set describes the variables at many vertical levels, it is therefore better suited for the determination of the structure of the low frequency oscillations.
Spectral analysis
The low resolution wind data at 850 and 200mb were subjected to the maximum entropy method (MEM) spectral analysis.
The spectra were displayed graphically by plotting the spectral power versus the frequencies. Figure 1 shows the power spectra of the zonal and meridional winds at 850mb for the entire domain of present investigation. The power spectra show that the zonal wind exhibits prominent oscillation in the "30-50" day period range over the entire tropical belt of the Indian and the Pacific Ocean.
However, strong signals in this low-frequency range are also apparent in some extra-torpical oceanic areas, for example, over the northeastern Pacific Ocean. There is considerable regional variability with regards to the dominant time scale of this low frequency mode, in particular, over the central Pacific Ocean, the main fluctuations seem to occur with periodicities of 30 days or less. Figure 2 shows the power spectra of the wind components at 200mb level. Again similar regional variability in the main time scale of the low frequency mode is noted. This variation is likely to be inherent to the phenomenon rather than inadequacy of the data set used. Variations of a similar nature were also found by different authors (Madden and Julian, 1971; Maruyama, 1982; Cadet, 1982) using data sets from different sources in different years.
The time-power spectral analysis of the wind components show that the 30-50 day mode oscillation involves primarily the tonal wind.
Oscillation of the meridional wind on this time scale is less coherent or non-existent, and if present, it is considerably weaker than the zonal wind oscillation.
The low resolution global wind data at 200 mb level is used further for power spectral analysis in the wavenumber frequency domain and to examine the latitudinal distribution of the variance spectra using the space-time power spectral analysis techniques (Hayashi, 1977) . Figure 3a shows the 200mb level zonal wind component's space-time power spectrum over the Equator. It is apparent that most of the zonal wind power appears in the low zonal wavenumbers, both for westward and eastward propagating waves. Also there is a slight dominance of the eastward propagating component over the westward moving component, except at zonal wavenumber 3. The dominance of the low wavenumbers in the 200mb zonal wind spectra suggests that the 30-50 day oscillation is a large scale phenomenon. Figure 3b shows the distribution of variance of the 200mb zonal wind component at various latitudes from 33.75*S to 33.75*N. Similar diagrams for the 850mb zonal wind are shown in Figure 4a and 4b. It is apparent from these diagrams that the 30-50 day oscillation is not strictly a tropical phenomenon but related to the motions in the higher latitudes. Following Krishnamurti and Subrahmanyam (1982) , a first-order bandpass Butterworth filter (Murakami, 1979) was used to isolate the 30-50 day wind components from the high resolution data for the entire period of the data records.
The choice of a 30-50 day spectral band is for the retention of the fluctuations on the intra-seasonal time scale over the entire analysis domain. The filtering process was performed independently on the data sequence at each grid-point after prior removal of its linear trend using a least square method. The filtered wind components, which then correspond to the motion field for this time scale, were used for the streamlineisotach analysis and other kinematic computations.
Figure 5a-1 illustrate a particular sequence of the low frequency mode 850mb streamlineisotach charts mapped at 3 day intervals, starting from 4 December 1978 through 6 January 1979. The map sequence reveals a steady meridional propagation of a ridge-trough system in the eastern Pacific Ocean, extending from the Date line to the west coast of North America.
The ridge and trough lines are somewhat zonally oriented.
They form in the near equatorial zone and intensify as they move poleward.
But careful reexamination shows that these low frequency distur-bances may have *een triggered by processes which occurred in the southern hemisphere. There is an alternation of cyclonic and anticyclonic vorticity both in time (15-20 day) and in the meridional direction (about 15* latitude separation).
Also it appears that the propagating cyclonic (anticyclonic) disturbance to the north of the Equator is triggered by anticyclonic (cyclonic) impulse to the south of the Equator. The speed of the meridional propagation is around 1.2* latitude per day and the meridional separation between successive disturbances is roughly 40-45* latitude, thus suggesting a meridional wavelength of about 4500km for this mode in the eastern Pacific Ocean. Krishnamurti and Subrahmanyam (1982) shows that the meridional com*onent on this time scale over the Indian subcontinent during the Summer MONEX has a meridional scale of around 3000km and a northward propagating phase speed of roughly 0.75* latitude per day.
imposed by quasi-stationary features which are more prominent over the equatorial belt.
The latitudinally averaged (180*W to 120*W) composite structures of the meridionally propagating cyclonic disturbances are determined using the low resolution 30-50 day filtered data set. The compositing method consists of the determination of the days of arrival of the low frequency cyclonic disturbance at a particular latitude from Figure 6a . During the analysis period, three disturbances pass through the low latitudes, whereas in the higher latitudes, only two of such passages are discernable.
To enhance the reliability of compositing, the day before and after the arrival of the disturbance at that latitude are also included in the compositing. This is not unreasonable since the disturbance propagates at a slow pace of 1.2* latitude per day. These cases are then simply calender-day averaged to produce the composite maps. Figure 7a and 7b show such composite structures of the zonal and meridional wind components when the disturbance is located at roughly the Equator and 23*N respectively.
On the composite diagrams, all negative areas are shaded and represent the negative departures from the linear trend which are attributable to the 30-50 day oscillations.
The prominent features in these diagrams are summarized below (a) U-component : Easterly (westerly) winds are observed to the north (south) of the disturbance line when the disturbance is located away from the Equator. The diagram shows little vertical tilt and the U-departure can be as large as 7-8m/s in the upper levels. (b) V-component : When the disturbance is located near the Equator, northerly winds are found in the entire lower troposphere, southerly winds appear only above 700mb and are confined to the north of the disturbance line. As it moves northward, the southerly winds extend to the lower levels and establish a vertical pattern similar to that of the U-component. The composite structures of the meridionally propagating mode over the eastern Pacific Ocean suggest that this mode is strongly barotrotropic away from the Equator but it is less so nearer to the Equator. This is not unexpected because the ITCZ (Inter-Tropical Convergence Zone) which is located at about 5*N over the eastern Pacific during the winter season, shows significant convective activities.
During 1978/79 winter season, meridional propagation on the 30-50 day time scale is very prominent over the eastern Pacific Ocean, an area well beyond the classical monsoon regime. It is interesting to examine the relationship between the arrival of this mode and the changes in the local weather. This is carried out via a correlation analysis between the TIROS-N digital infrared (IR) data and the low frequency mode corrected divergence at 850mb level. The analysis only covers 1 January 1979 through 28 February 1979 since the IR data for the entire month of December 1978 were not available.
The analysis was performed by first removing the linear trend of the IR time series at each grid-point.
The IR departure were then used to correlate against the 30-50 day mode 850mb divergence at the corresponding gridpoint.
Two separate scatter diagrams were plotted for data on grid-points beyond 15* from the Equator (Figure 8a ) and within 15*S to 15*N (Figure 8b ). All grid-points were within the longitudes of 180*W and 120*W.
The IR data are actually outgoing longwave radiative fluxes and the negative IR departure represents positive cloudiness anomaly. Figures  8a and 8b show that away from the Equator, the low frequency divergence were uncorrelated withthe cloudiness activities (correlation coefficient, R=0.10). However, significant correlation found in the near Equatorial region (R=0.70). Thus, the result gives further confirmation that the 30-50 day mode is barotropic away from the Equator over the Eastern Pacific.
The surprisingly large correlation between the cloudiness activities and the low frequency mode divergence over the Equatorial latitudes also indicates potential predictive value of this approach. By extrapolating the low frequency mode time-latitude sections as in Figures 6a through 6c, it is possible to predict the arrival of the meridionally propagating disturbance. Thus enabling a prediction of the general outlook of the weather about ten days in advance with more confidence.
Concluding remarks
The Asiatic winter monsoon during the 1978/79 winter season was somewhat below normal (Greenfield and Krishnamurti, 1979) . Over the Far East, the jet stream near Japan was weaker than average and displaced to the north of its normal position. The Siberian high was also less intense, resulting in only weak to moderate monsoon surges. However, the northeast monsoon flow was steady throughout and in the later part of the season, surges frequently penetrated into the Southern Hemisphere (Indonesian Seas) to activate disturbances there. Despite the weak monsoon activities, some interesting features .on the 30-50 day mode which had not been observed in any earlier works are found.
Also the slightly below normal of the winter monsoon does not deter the following remarks to be drawn from the present investigation.
(1) Contrary to some of the earlier investigations, the 30-50 day mode oscillation is not a phenomenon confined to the Tropical troposphere ; some extra-tropical areas, e. g" the northeastern Pacific Ocean, also show significant oscillation in this period range.
(2) The present study confirms the results of previous investigation that this oscillation involves mainly the zonal wind. Very strong signals in this period range are observed at 850mb over the winter monsoon large scale convection zones. 
